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(54) GROOVE DEPTH-MEASURING/RECORDING METHOD AND SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently measure a remaining 
thickness at the bottom section of a linear groove in parallel with groove 
machining and at the same time to perform accurate quality control by 
reliably and accurately measuring and recording the remaining thickness 
corresponding to the deepest section in the groove even if the linear 
groove is slightly zigzag. 

SOLUTION: A linear groove that is cut and machined on the surface of a 
cover made of resin is irradiated with laser beams from its opening side, 
and the reflection light is received and outputted by a number of light 
receiving elements to create a reflection jmage having a specific width. 
Calculation is made with the smallest value in the specific width as the 
value of the deepest value in the groove by the image processing of the 
reflection image. It is judged whether the calculated value of the deepest 
section in the groove in within a tolerance setting range or not. Then, 
only when all the judgment results are good, only the remaining 
thickness is calculated and outputted from the deepest section in the 
groove and is recorded. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The depth of flute is measured, the line cut deeply and processed on the front face of a sheet~like 
work piece — It is the approach of carrying out an operation output and recording the residual thickness of the 
groove bottom section, the line in the sheet-like work piece from the measurement value — the line of the 
sheet-like work-piece front face by which fixed maintenance was carried out so that a rear face might stick to a 
flat side, while irradiating the laser beam turned to a slot from an opening side at the groove bottom section The 
reflective image of predetermined width of face with which it received by CCD which has many photo detectors 
at spacing equal to the direction which intersects perpendicularly with the longitudinal direction of a slot, and 
much minute area gathered is created, the reflected light — a line — After computing the smallest value in 
predetermined width of face as a value of the deepest part of the groove by carrying out the image processing 
of the reflective image created by this CCD, Judge whether it is in the tolerance where the computed deepest- 
part-of-the-groove value was set up beforehand, and it is set to the judgment. The channel depth measurement 
record approach characterized by recording the output value while carrying out the operation output of the 
residual thickness from a calculation deepest-part-of-the-groove value, when a judgment result that the above- 
mentioned calculation deepest-part-of-the-groove value is in setting tolerance comes out. 
[Claim 2] the condition that the target sheet-like work piece makes predetermined thickness remain into the 
part corresponding to an air bag installation part — a line — the channel depth measurement record approach 
according to claim 1 which is the resin tabulation hide for automobiles into which a slot is cut deeply and 
processed. 

[Claim 3] The depth of flute is measured, the line cut deeply and processed on the front face of a sheet-like 
work piece — the line in the sheet-like work piece from the measurement value — with the surface plate which 
carries out fixed maintenance so that it may be the system which carries out an operation output and records 
the residual thickness of the groove bottom section and the rear face may stick a sheet-like work piece to a flat 
side the line of a sheet-like work-piece front face, while irradiating a laser beam from the opening side of a slot 
the reflected light — a line — with CCD which creates the reflective image of predetermined width of face with 
which minute area gathered by receiving light by the photo detector of a large number arranged at spacing equal 
to the direction which intersects perpendicularly with the longitudinal direction of a slot A means to compute the 
smallest value in predetermined width efface as a value of the deepest part of the groove by the image 
processing of the reflective image created by this CCD, In a judgment means to judge whether it is in the 
tolerance where that computed deepest-part-of-the-groove value was set up beforehand, and this judgment 
means The channel depth measurement record system characterized by providing a means to record the output 
value while carrying out the operation output of the residual thickness from the above-mentioned calculation 
deepest-part-of-the-groove value, when a judgment result that the above-mentioned calculation deepest-part- 
of-the-groove value is in setting tolerance comes out. 

[Claim 4] The light-receiving element number in Above CCD is a channel depth measurement record system 
according to claim 1 constituted manually possible [ adjustment ]. 

[Claim 5] the condition that the target sheet-like work piece makes predetermined thickness remain into the 
part corresponding to an air bag installation part — a line — the channel depth measurement record system 
according to claim 3 or 4 which is the resin tabulation hide for automobiles into which a slot is cut deeply and 
processed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Vinyl chloride (PVC) and polyolefine (TPO) with which this invention mainly forms the 
instrument panel for automobiles, When the destructive power more than fixed joins the part corresponding to 
the air bag installation part of resin tabulation hides, such as polyurethane (TPU), the line which is made to 
concentrate stress on the part, fractures certainly, and enables an air bag's proper expansion — like a slot the 
line cut deeply and processed on the predetermined part of a sheet-like work piece — a line [ in / the depth of 
flute is measured and / the sheet-like work piece from the measurement value ] — it is related with the 
approach of measuring and recording the residual thickness of the groove bottom section, and its system. 
[0002] 

[Description of the Prior Art] a sheet-like work piece — a line — when managing the product quality proper in 
the product which cuts a slot deeply, processes it and is produced — a line — it is important to measure the 
residual thickness of the groove bottom section, to record as data for every product and to save, the line 
especially processed into the part corresponding to the air bag installation part of the resin tabulation hide for 
automobiles • — the line which have fixed destructive resistance from a slot be what participate in a passenger's 
safety closely — in order to process the groove bottom section with sufficient repeatability — a line — it be 
very important to measure the residual thickness of the groove bottom section with a sufficient precision , and 
to record and save the data for every product . 

[0003] the line generally conventionally cut deeply and processed into the front-face side of a sheet-like work 
piece — a means to measure residual thickness was adopted by irradiating light towards the groove bottom 
section from the opening side of a slot, and measuring the amount of transmitted lights by the side of a work- 
piece rear face. 
[0004] 

[Problem(s) to be Solved by the Invention] however , with the measurement means of the light transmission 
mold like the above , a slot be in tolerance along with the longitudinal direction , since it be difficult to always 
pinpoint the exposure location of light in the deepest part of the groove and an exposure location not only tend 
to shift from the deepest part , but tend to change the amount of transmitted lights sharply by quality of the 
material change of a work piece when process meanderingly , it be easy to produce an error at the measurement 
value of residual thickness . and accurate quality control cannot be perform . 

[0005] Moreover, since it is required to arrange the floodlighting section and a light sensing portion on front 
flesh-side both sides of a sheet-like work piece at each ** in the case of the measurement means of a light 
transmission mold A metering device cannot be arranged to the one direction by the side of the recessing 
equipment which carries out adhesion immobilization of the sheet-like work piece which is a candidate for 
processing in the flat side of a surface plate etc., and performs recessing. It measured in the part left with the 
recessing part, or it was necessary to measure at separated another process with a recessing process, while 
being easy to become complicated in equipment, the process increased, and there was a problem that 
productivity got worse. 

[0006] that by which this invention was made in view of the above-mentioned actual condition — it is — a line - 
- the residual thickness of the groove bottom section — recessing — being concurrent — being well 
measurable not only but a line — even if a slot lies in a zigzag line somewhat and is processed, it aims at 
offering the channel depth measurement record approach that the residual thickness corresponding to the 
deepest part of the groove can be measured certainly and with high precision, and can be recorded, and it can 
use for accurate quality control, and its system. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the channel depth 
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measurement record approach concerning this invention The depth of flute is measured, the line cut deeply and 
processed on the front face of a sheet-like work piece — It is the approach of carrying out an operation output 
and recording the residual thickness of the groove bottom section, the line in the sheet-like work piece from the 
measurement value — the line of the sheet-like work-piece front face by which fixed maintenance was carried 
out so that a rear face might stick to a flat side, while irradiating the laser beam turned to a slot from an opening 
side at the groove bottom section The reflective image of predetermined width of face with which it received by 
CCD which has many photo detectors at spacing equal to the direction which intersects perpendicularly with the 
longitudinal direction of a slot, and much minute area gathered is created, the reflected light — a line — After 
computing the smallest value in predetermined width of face as a value of the deepest part of the groove by 
carrying out the image processing of the reflective image created by this CCD, Judge whether it is in the 
tolerance where the computed deepest-part-of-the-groove value was set up beforehand, and it is set to the 
judgment. When a judgment result that the above-mentioned calculation deepest-part-of-the-groove value is in 
setting tolerance comes out, while carrying out the operation output of the residual thickness from a calculation 
deepest-part-of-the-groove value, it is characterized by recording the output value. 

[0008] Moreover, the channel depth measurement record system concerning this invention The depth of flute is 
measured, the line cut deeply and processed on the front face of a sheet-like work piece — the line in the 
sheet-like work piece from the measurement value — with the surface plate which carries out fixed 
maintenance so that it may be the system which carries out an operation output and records the residual 
thickness of the groove bottom section and the rear face may stick a sheet-like work piece to a flat side the 
line of a sheet-like work-piece front face, while irradiating a laser beam from the opening side of a slot the 
reflected light — a line — with CCD which creates the reflective image of predetermined width efface with 
which minute area gathered by receiving light by the photo detector of a large number arranged at spacing equal 
to the direction which intersects perpendicularly with the longitudinal direction of a slot A means to compute the 
smallest value in predetermined width of face as a value of the deepest part of the groove by the image 
processing of the reflective image created by this CCD, In a judgment means to judge whether it is in the 
tpLerance where that computed deepest-part-pf-the-grppye value was set up beforehand, and this judgment 
means When a judgment result that the above-mentioned calculation deepest-part-of-the-groove value is in 
setting tolerance comes out, while carrying out the operation output of the residual thickness from the above- 
mentioned calculation deepest-part-of-the-groove value, it is characterized by providing a means to record the 
output value. 

[0009] the line which according to this invention which has the requirements for a configuration like the above 
fixed maintenance was carried out, and was cut deeply and processed on the sheet-like work piece front face so 
that a rear face might stick to a flat side — the reflective image of predetermined width of face with which equal 
minute area ( pixel) gathered will be created by irradiating a laser beam from the slot opening side of a slot, and 
making the reflected light receive by many photo detectors of CCD. thus, the thing for which the smallest value 
in predetermined width efface is computed as a value of the deepest part of the groove by the image 
processing of the reflective image created by predetermined width of face — a line — though some were 
processed into the meandering condition within limits by which a slot is permitted, it is possible to measure 
certainly without a mistake of the value of the deepest part of the groove. Moreover, by judging whether it is in 
the tolerance where the value of the measured deepest part of the groove was set up beforehand, calculating 
residual thickness, and outputting and recording it, only when the judgment result is O.K. measuring the residual 
thickness corresponding to the deepest part of the groove with a sufficient precision, and recording it regardless 
of the quality of the material of the sheet-like work piece itself, — possible — the record data — a degree — a 
line — by using a slot for the feedback data for processing it with sufficient repeatability It is possible to control 
quality the quality of the whole product accurately. 

[0010] Moreover, since the reflected light of a laser beam can be received, the floodlighting section and a light 
sensing portion can be arranged to a sheet-like work-piece front-face side and it can measure from an one 
direction It becomes possible to carry out contiguity arrangement of the whole metering device at the recessing 
equipment side which the flat side of a surface plate etc. is made to carry out adhesion immobilization of the 
rear face of a sheet-like work piece, and processes a slot on a front face, and to measure a channel depth in 
parallel to recessing. Measurement of recessing and a processing channel depth can be well performed at a 
series of processes, and the productivity drive of a product can also be planned. 

[001 1] In the channel depth measurement record system concerning above-mentioned this invention, the light- 
receiving element number in CCD, i.e., the number of pixels, like, when [ according to claim 4 ] it constitutes 
manually possible [ adjustment ] When the parts of a crest or a trough are in the image, looking at an image, by 
adjusting the number of pixels in the direction which decrease in number (it extracts), it becomes possible to 
eliminate a crest and measurement for a trough, and the measurement precision of the value of the deepest part 
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can be raised further. 

[0012] moreover, a target sheet [ system / the channel depth measurement record concerning this invention, 
and / its ]-like work piece — a front face — a line — the condition make predetermined thickness remain into 
the part corresponding to an air bag installation part as indicate to claim 2 and claim 5 although it be anything as 
long as it be the sheet-like thing into which the slot be processed — a line — it be effective especially when 
aim at the resin tabulation hide for automobiles into which a slot cut deeply and be process, the line as which 
being processed in a very small error range from the field of safety reservation of the passenger of an 
automobile called the expansion engine performance of an air bag when aimed at this resin tabulation hide for 
automobiles is required — the processing depth of a slot can be measured correctly, and can be recorded and it 
can utilize effective in creation of the feedback data for performing recessing with sufficient repeatability. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a 
drawing. Drawing 1 is the outline block diagram of the channel depth measurement record system used in case 
this invention approach is enforced by using the resin tabulation hide for automobiles as an object sheet-like 
work piece, the condition 1 is the resin tabulation hide for automobiles laid so that the rear face might stick to 
flat top-face 2a of a surface plate 2 in this drawing, and make the thickness of predetermined thickness t remain 
at the pars basilaris ossis occipitalis in the part corresponding to an air bag installation part on the front face 
with various kinds of recessing equipments (for an illustration abbreviation to be carried out), such as for 
example, ultrasonic-machining equipment, and laser-beam-machining equipment or high-frequency-processing 
equipment, — a line — a slot 3 cuts deeply and is processed. 

[0014] the laser specular reflection CCD by which 4 was installed in the upper part section of the front face of 
the above-mentioned resin tabulation hide 1 — a variation rate — it is a sensor, and this is installed so that it 
may move in one with recessing equipment. 5 — that laser specular reflection CCD — a variation rate — it is 
visual-recognition equipment with the image-processing section (a personal computer is usually used) which 
captures the CCD receiving image of a sensor 4 through the output section 6 and the **** network 7 of NTSC 
system, and performs an image processing, and the communication link port 8 which outputs the value computed 
with this visual-recognition equipment 5 is connected. 

[0015] the above-mentioned laser specular reflection CCD — a variation rate — a line [ in / as a sensor 4 
shown in the principle-of-operation Fig. of drawing 2 / the resin tabulation hide 1 ] — many laser beams Lo of 
the diameter of minute are irradiated from the slanting upper part by the side of opening of a slot 3, and the 
reflected light Lr is received by CCD 10 through the light-receiving lens 9. this CCD 10 — a line — while many 
photo detectors (an illustration abbreviation is carried out since it is common knowledge) are arranged at spacing 
equal to the direction which intersects perpendicularly with the longitudinal direction of a slot 3. arbitration 
constitutes the light-receiving element number of those large number possible [ adjustment ] manually, and the 
reflective image of the predetermined width efface W with which the pixels of minute area gathered is created 
by receiving the reflected light Lr by the photo detector of these large number. The image created by this 
CCD 10 is captured by the above-mentioned visual-recognition equipment 5. and the image P which is specified 
in drawing 3 is displayed on that monitor display M. 

[0016] A means to compute the thickness value t (distance) of a means to compute the smallest value in the 
predetermined width efface W as a value t of the deepest part of the groove (distance) by the image processing 
of the image P which shows the image-processing section of the above-mentioned visual-recognition equipment 
5 to drawing 3 displayed on monitor display M, and the resin tabulation hide 1. A means to judge whether the 
value of the deepest part of the groove computed in the value d of the computed deepest part of the groove 
[ the minimum value dmin of the deepest part by which the setting input was carried out beforehand, and 
Maximum dmax / respectively ] is in tolerance, A means to judge whether the thickness value t of the resin 
tabulation hide 1 computed in the thickness value t of the resin tabulation hide 1 as compared with the minimum 
thickness value tmin by which the setting input was carried out beforehand is over the setting minimum 
thickness value tmin, When judged with a means to output the alarm corresponding to it when judged with the 
comprehensive judgment means and defective which synthesize the judgment result by both [ these ] the 
judgment means, and judge whether it is an excellent article or it is a defective, and an excellent article, it has a 
means to manufacture a file name and to save each calculation values d and t. 

[0017] In addition, when the parts of a crest or a trough are in the image about the light-receiving element 
number in the above CCD 10, looking at the image P on monitor display M, by adjusting the number of pixels in 
the direction which decrease in number (it extracts), a crest and measurement for a trough can be eliminated 
and the measurement precision of the value t of the deepest part of the groove can be raised, moreover, the 
time of being judged with it being as a result of [ by the comprehensive judgment means in the above-mentioned 
image-processing section ] a judgment, and being an excellent article — the line from the value d of the deepest 
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part of the groove — data processing of the residual thickness T of slot 3 pars basilaris ossis occipitalis is 
carried out. Furthermore, the numerical input of each above-mentioned set points dmin. dmax, and tmin is 
carried out on the above-mentioned monitor display M. 

[0018] next, the line which cut deeply with the recessing equipment preceded with the part corresponding to the 
air bag installation part of the resin tabulation hide 1 for automobiles, and was processed using the channel 
depth measurement record system of the above-mentioned configuration — how to measure and record the 
depth of a slot 3 etc. is explained with reference to the flowchart of drawin g 4 . first, the line to the resin 
tabulation hide 1 — the setting distance between the processing equipment of a slot 3, and flat top-face 2a of a 
surface plate 2 — corresponding — the laser specular reflection CCD — a variation rate — the laser specular 
reflection CCD after performing the amendment calibration which sets up the correction value of CCD10 in a 
sensor 4 — a variation rate — the predetermined measurement actuation by the sensor 4 is started (steps S21 
and S22). 

[0019] While the reflective image of the predetermined width efface W with which the pixels of minute area 
gathered when many photo detectors of CCD 10 received the reflected light Lr with this measurement actuation 
is created and this reflective image is captured by visual-recognition equipment 5, the value d of the deepest 
part of the groove and the thickness value t of epidermis 1 are computed by the image processing of that 
reflective image P as a distance (steps S23 and S24). subsequently, whether the deepest part minimum value 
dmin by which the setting input is beforehand carried out with the value d of the calculation deepest part of the 
groove, and Maximum dmax are compared, respectively, and the value d of this calculation deepest part of the 
groove is in setting tolerance judges — having (steps S25 and S26) — It is judged whether it is compared with 
the minimum thickness value tmin by which the setting input of the calculation thickness value t is carried out 
beforehand, and this calculation thickness value t is over the setting minimum thickness value tmin (step S27). 
[0020] And the judgment result of the above-mentioned steps S25 and S26 is O.K., and the judgment result of 
step S27 is also O.K., and when conditions are satisfied, either of the judgment results of steps S25, S26, and 
S27 is NG at a list, or when conditions are satisfied, the judgment result and the data at that time (each 
calculation values d and t) are memorized (step S28). 

[0021] next, whether measurement actuation is continued based on the memorized judgment result judges — 
having — O.K. — and the time of conditions being satisfied — a line — while repeating and continuing 
measurement actuation at the step which was made to move a measurement location along with the longitudinal 
direction of a slot 3, and was described above — NG — or when conditions are satisfied, measurement 
actuation ends (steps S29 and S30). 

[0022] A comprehensive judgment is performed based on the judgment result covering the overall length of a 
slot 3 (step S31). the time of measurement actuation being completed — a line — the line of the resin 
tabulation hide 1 when the number of the judgment results of NG is also one — the case of the poor thickness 
in which the case of poor processing containing the part which has the depth covering the overall length of a 
slot 3 outside setting tolerance, and the thickness of resin tabulation hide 1 the very thing contain the part 
below the setting minimum thickness an alarm is outputted noting that a product (line resin tabulation hide 1 into 
which the slot 3 cut deeply and was processed) is a defective — on the other hand (step S32) When all 
judgment results are the excellent articles of O.K.. while manufacturing a file name and saving each calculation 
values d, t, and T with the file name at a hard disk, only a file name is outputted to the communication link port 8 
(steps S33, S34, and S35). 

[0023] in addition, the condition of making predetermined thickness remaining into the part corresponding to the 
installation part of the air bag for automobiles with the gestalt of the above-mentioned implementation — a line 
— although the resin tabulation hide 1 into which a slot 3 is cut deeply and processed was made applicable to 
measurement — a front face top — a line — you may apply to the slot measurement of what kind of sheet-like 
work piece which processes a slot — it is natural. 

[0024] moreover, you may be only what judges whether only the value t of the deepest part of the groove is 
computed, and it is in setting tolerance although it is what was made possible and exclusion of the defective 
which originates in dispersion in the thickness of epidermis 1 by computing the value t of the deepest part of the 
groove, simultaneously the thickness value t of epidermis 1 by the image processing of a reflective image was 
explained with the gestalt of the above-mentioned implementation — it is natural. 
[0025] 

[Effect of the Invention] as mentioned above, the line which was cut deeply and processed on the front face of a 
sheet-like work piece according to this invention — by irradiating a laser beam from the slot opening side of a 
slot, and making the reflected light receive by many photo detectors of CCD By creating the reflective image of 
predetermined width efface with which equal minute area (pixel) gathered, and computing the smallest value in 
predetermined width of face as a value of the deepest part of the groove by the image processing of this 
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reflective image a line — though some were processed into the meandering condition within limits by which a 
slot is permitted, regardless of the quality of the material of a sheetHike work piece, the value of the deepest 
part of the groove and the residual thickness corresponding to it can be measured certainly without a mistake, 
and can be recorded, therefore, the record data — a degree — a line — it can use effectively for the feedback 
data for processing a slot with sufficient repeatability, and can use for quality control of the whole product. 
[0026] In addition, receive the reflected light of a laser beam and the floodlighting section and a light sensing 
portion are arranged to the front-face side of a sheet-like work piece. Contiguity arrangement of the whole 
metering device can be carried out at the recessing equipment side which the flat side of a surface plate etc. is 
made to carry out adhesion immobilization of the rear face of a sheet-like work piece, and processes a slot on a 
front face, and a channel depth can be measured in parallel to recessing. That is, by this Measurement of 
recessing and a processing channel depth can be well performed at a series of processes, and the effectiveness 
that it can ** also to improvement in the productivity of a product is done so. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the channel depth measurement record system of the resin 
tabulation hide for automobiles used on the occasion of operation of the channel depth measurement record 
approach concerning this invention. 

[Drawing 2] the laser specular reflection CCD which is the principal part in a system same as the above — a 
variation rate — it is the principle-of-operation Fig. of a sensor. 

[ Drawin g 3] It is the explanatory view of the monitor display by which image display was carried out to the 
visual-recognition equipment which is the principal part in a system same as the above. 
[Drawing 4] the line cut deeply and processed into the resin tabulation hide for automobiles — it is the flow 
chart which shows the actuation which carries out measurement / record processing of the depth of flute etc. 
[Description of Notations] 

1 Resin Tabulation Hide for Automobiles (an Example of Sheet-like Work Piece) 

2 Surface Plate 

3 Line — Slot 

4 Laser Specular Reflection CCD Displacement Sensor 

5 Visual-Recognition Equipment (an Example of Image Processing System) 
10 CCD 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




Drawing 3] 
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[Drawing 4 ] 
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